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In t roduct ion  

During 1967 and 1968 the  Nat ional  Marine F i s h e r i e s  
Serv ice  (NMFS) devoted f o u r  c r u i s e s  of t he  RV Townsend Cromwell t o  
demersal resource  surveys i n  the  Hawaiian I s lands .  The primary 
sampling gears  u t i l i z e d  w e r e  shrimp trawls, a l though l imi t ed  shrimp 
t rapping  experiments were conducted (Yoshida, 1972). These surveys 
demonstrated t h a t  t he  penaeid shrimp (Penaeus marginatus)  was a v a i l -  
a b l e  i n  modest amounts and amenable t o  ha rves t  by shrimp t rawls .  
Two spec ie s  of ca r idean  shrimps (Heterocarpus e n s i f e r  and 11. l a e v i -  
g a t u s )  were a l s o  taken i n  small numbers wi th  the  t r a w l s .  
the  i n i t i a l  i n v e s t i g a t i o n s  ind ica t ed  t h a t  t rapping ,  r a t h e r  than 
t rawl ing ,  was a more e f f e c t i v e  method f o r  ha rves t ing  these  l a t t e r  
species. 

However, 

Clarke (1972) conducted t rapping  surveys during 1969 and 
1970 a t  seven l o c a l e s  o f f  Oahu, Hawaiian I s lands .  The sampling 
gea r  cons i s t ed  of s eve ra l  t r a p  types,  bu t  a l l  w e r e  uncovered traps. 
These surveys provided da ta  on the  depth d i s t r i b u t i o n s  of 11. 
l e n s i f e r  and H. l a ev iga tus  and ind ica t ed  t h a t  these  species were 
p resen t  i n  s u T f i c i e n t  q u a n t i t i e s  t o  suppor t  a commercial f i s h e r y .  

Fur ther  t rapping  t r i a l s  were conducted by the  NMFS during 
f a l l ,  1972 a t  var ious  l o c a l i t i e s  i n  the  main group of t he  Hawaiian 
I s lands .  These t r i a l s  were of prel iminary n a t u r e ,  and a v a r i e t y  
of t r a p  types,  b a i t  con ta ine r s ,  and b a i t s  w a s  u t i l i z e d .  It was 
demonstrated a t  t h i s  t i m e  t h a t  t r a p s  covered wi th  bur lap  were more 
e f f e c t i v e  i n  cap tu r ing  E .  e n s i f e r  than were uncovered t raps .  It  
w a s  a l s o  determined t h a t  proper  ca t ch  p rese rva t ion  of t h i s  species 
was e s s e n t i a l  t o  i n su re  a q u a l i t y  product .  

We a l s o  have data, from 23 sets of our gea r  o f f  Oahu by 
s t a f f  members of t h e  H a w a i i  I n s t i t u t e  of Marine Biology, Univers i ty  
of Hawaii dur ing  May 1973. 
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Methods 

The t r a p s  measure 2 by 2 by 4 ft .  The frame i s  cons t ruc ted  
of 318-inch diameter  steel  bar  and i s  covered wi th  112-inch square 
mesh galvanized w i r e  screen.  The s i d e s ,  top, and bottom are then 
covered wi th  burlap.  The tunnels  (one a t  each end) are a l s o  con- 
s t r u c t e d  wi th  t h e  screen  (but  are uncovered) and t ape r  t o  2- t o  3- 
inch openings about  one- th i rd  the  d i s t ance  i n  from each end. Bait 
con ta ine r s  are cons t ruc ted  wi th  112-inch w i r e  sc reen  and are suspended 
i n  the  t r a p  between the two tunnel  entrances.  One t o  two pounds 
of chopped b a i t  are s u f f i c i e n t  f o r  sets of 12-14 hours. 

Each t r a p  has a 7 - f t  w i r e  b r i d l e  a t t ached  t o  oppos i te  corners  
on the top of the  t r a p .  The b r i d l e  has a snap a t  the  c e n t e r  f o r  
attachment t o  t h e  ground l i n e .  
c o n s i s t  of l /Z-inch polypropylene rope. The traps a r e  spaced a t  
10-fathom i n t e r v a l s ,  and the f i r s t  and las t  t r aps  on a s t r i n g  have 
5-pound anchors a t tached  t o  a t r a p  corner .  We usua l ly  f i shed  s ix  
o r  e i g h t  t r a p s  t o  a s t r i n g ,  bu t  t h i s  would vary according t o  t h e  
c a p a b i l i t i e s  of the  vesse l .  We have our buoy l i n e s  made up i n t o  
100-fathom lengths ,  and these  a r e  s to red  i n  p las t ic  garbage con- 
t a i n e r s  of approximately 40-gallon capac i ty .  The ground l i n e  is  
made up w i t h  t h i s  l i n e  by forming loops f o r  each t r a p  a t  10-fathom 
i n t e r v a l s  i n  the  d i s t a l  po r t ion  of the f i r s t  100-fathom sec t ion .  
The proper number of 100-fathom sec t ions  are then added a s  the traps 
are s e t  i n  order  t o  g ive  an excess amount of buoy l i n e  on the o rde r  
of 50-150 fathoms g r e a t e r  than the  depth of water being f i shed .  
J u s t  before  the  e n t i r e  amount of l i n e  i s  payed out ,  a buoy i s  
a t t ached  and s e t  a s  t he  f i n a l  few fathoms are run out .  A weight 
i s  smapped onto the  buoy l i n e  about  10 fathoms below the  buoy t o  
assure t h a t  the  polypropylene l i n e  does n o t  f l o a t  a t  the  sea su r -  
face .  The s e t  is r e t r i e v e d  wi th  a Marcoft crab-pot  hau le r ;  the  100- 
fathom s e c t i o n s  are stowed d i r e c t l y  i n t o  t h e i r  con ta ine r s  a s  the 
l i n e  comes aboard. 

The ground l i n e s  and buoy l i n e s  

Because the  t rapping opera t ions  were in t e r spe r sed  wi th  
o t h e r  ves se l  programs, the  traps w e r e  set  a t  dusk and r e t r i e v e d  a t  
dawn. We do n o t  have da ta  on daytime ca t ch  r a t e s .  

* Reference to  trade names does n o t  imply endorsement by the 
Nat ional  Marine F i she r i e s  Serv ice ,  N O M .  
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Resu l t s  

D i f f e r e n t  types of t r aps ,  b a i t  con ta ine r s ,  and b a i t s  
were t e s t e d  by var ious  combinations of these  f a c t o r s  on sets of 
f o u r  t o  e i g h t  traps pe r  s t r i n g .  Traps measuring 1 by 2 by 4 f t  
were less e f f e c t i v e  than t h e  l a r g e r  t r a p s  measuring 2 by 2 by 4 
f t .  Traps wi th  1- inch  mesh w i r e  sc reening  caught  fewer E. e n s i f e r  
( through escapement) than those  wi th  1/2- inch mesh screening.  Com- 
pa r i son  between a l t e r n a t e d  covered and uncovered t r aps  during e i g h t  
sets of fou r  t o  s ix  traps r e s u l t e d  i n  t h e  covered t r a p s  o u t f i s h i n g  
t h e  uncovered t r aps  by 2.5-10 t imes.  Poss ib ly  the  covering on the  
s i d e s  of the  t r a p  concent ra tes  the  b a i t  scent near t h e  en t rances  
a t  the  ends of the  t r a p s ,  r e s u l t i n g  i n  g r e a t e r  c a t c h  r a t e s .  Qui te  
probably t r a p s  cons t ruc t ed  of any material t h a t  conforms t o  t h e  
bas i c  design p r i n c i p l e  of t h e  covered t r a p  would be equal ly  e f f e c t i v e .  

Severa l  b a i t  con ta ine r  types were t e s t ed .  Containers  
cons t ruc t ed  of 1/2- inch mesh screening  (measuring 6 by 6 by 6 inches)  
were gene ra l ly  s u p e r i o r  t o  p l a s t i c  con ta ine r s  of t h e  same s i z e  p e r -  
f o r a t e d  wi th  1/4- inch holes  o r  b a i t  wrapped i n  cheesec lo th ,  

Five types of  b a i t  were t e s t e d :  f i n e l y  ground f i s h ,  squid ,  
shrimp (E. e n s i f e r )  and coa r se ly  chopped f i s h  and shrimp. 
f i s h  species t h a t  are l i l y  o r  bloody were found t o  be the  b e s t  b a i t s .  
Poss ib ly  the  fine-ground b a i t s  d i spersed  t o  rap id ly .  F i sh  and 
shrimp were s u p e r i o r  t o  squid.  

Chopped 

Catch rates of H. e n s i f e r  obtained dur ing  1972 were h igh ly  
v a r i a b l e  due t o  the  v a r i e i y  of traps,  b a i t  c o n t a i n e r s ,  b a i t s  u t i l i z e d  
and depths  sampled. A t  t h i s  t i m e  t he  b e s t  ca t ches  ranged between 
15 and 63 pounds p e r  t r a p  f o r  an  overn ight  set. 

More r e l i a b l e  da t a  on c a t c h  v a r i a b i l i t y  w a s  provided by 
2 1  sets of covered traps ( fou r  pe r  s e t )  o f f  t h e  sough c o a s t  of Oahu 
i n  depths  of 200-220 fathoms during sp r ing ,  1973. Only one b a i t  
type ( f i s h )  w a s  u t i l i z e d .  During t h i s  series of sets ca t ches  of 
- H. e n s i f e r  ranged from 2 t o  34 pounds p e r  t r a p  and averaged 15.2 
pounds p e r  overn ight  se t .  Considerable v a r i a t i o n  i n  c a t c h  r a t e s  
between l o c a l i t i e s  was  noted.  

These ca t ches  of g. e n s i f e r  w i th  covered t r a p s  gene ra l ly  
exceeded those  experienced by Clarke (1972) o f f  the n o r t h e a s t  c o a s t  
of Oahu wi th  uncovered traps. Catches t h e r e  f o r  n i n e  sets in  the  
150-250 fathom depth range va r i ed  from 0.6 t o  11.9 pounds p e r  t r a p  
and averaged 4.5 pounds. 
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The l a r g e r  E. l aev iga tus  is apparent ly  much less abundant 
than E. e n s i f e r .  Our usual  ca tches  o f  E. l aev iga tus  were 1-3 pounds, 
bu t  occas iona l ly  ranged up t o  9 pounds p e r  t rap .  
experienced s i m i l a r  ca t ch  rates. 

Clarke (1972) 

The model s i z e  group of H. e n s i f e r  r e t a ined  by the  112- 

The l a r g e s t  i nd iv idua l s  of E. l aev iga tus  range from 8 t o  12 
inch mesh t r aps  range from 35 t o  47 ind iv idua ls  pe r  pound (heads 
on) .  
p e r  pound. For both spec ie s  the  t a i l  (with s h e l l )  comprises about  
45% of the t o t a l  body weight. 

Clarke (1972) found t h a t  H. e n s i f e r  occurs i n  depths of 
80-400 fathoms i n  the  Hawaiian IslaKds, b u t  i s  most abundant between 
150 and 250 fathoms. Shrimps taken i n  t h i s  l a t t e r  depth range were 
found t o  be s i g n i f i c a n t l y  l a r g e r  than those taken a t  the upper and 
lower limits of the  t o t a l  depth range. H. l aev iga tus  occurred i n  
depths o f  200-400 fathoms; t he re  was no Gbvious t rend i n  abundance 
between 250 and 400 fathoms. Our f ing ings  during a l l  surveys are 
i n  accord wi th  these  resul ts .  
e n s i f e r  corresponds t o  bottom temperatures of 7 -13 C. 

The optimal depth range f o r  E. 

The traps have been f i shed  on a v a r i e t y  of bottom types. 
The only c o n s t r a i n t s  a r e  t h a t  the  s lope  must be g e n t l e  enough to  
p e r m i t  t he  t r a p s  t o  f i s h  without  d r i f t i n g  o f f  and the  bottom m u s t  
be smooth enough t o  abv ia t e  t r a p  loss .  

A t t e m p t s  t o  market t he  two spec ies  of Heterocarpus i n  
H a w a i i  have been genera l ly  unsuccessful  i n  the  pas t .  This i s  due 
t o  enzymatic breakdown of the c h i l l e d  t a i l  meat wi th in  12-24 hours 
which results i n  a s o f t  and unacceptable product when cooked. We 
found t h a t  cooking the  shrimp immediately a f t e r  ca tch ing  r e s u l t e d  
i n  a c h i l l e d  s h e l f  l i f e  of 3-4 days. One test of immediate f r eez ing  
of raw s h r i ; p  i n  a b r ine  s o l u t i o n  a t  about -20 C. r e s u l t e d  i n  a 
supe r io r  product ,  Af t e r  b r i n e  f r eez ing ,  the  shrimp were placed i n  
a convent ional  f r e e z e r  and tes ted a t  i n t e r v a l s  over  a 2-week per iod 
and found t o  be very acceptable .  Very l e t t l e  sa l t  was taken up by 
the  shrimps during b r ine  f reez ing .  

Care must be taken n o t  t o  overcook these spec ies .  Boi l ing 
times of  2-4 minutes are adequate f o r  the  f rozen  shrimp. The t a i l  
meat can be s h e l l e d  e a s i l y  f o r  o t h e r  methods of prepara t ion  by 
b r i e f l y  thawing with running water. 

H. e n s i f e r  i s  known t o  occur i n  t r o p i c a l  waters from the  
western A t i a n t i c  t o  Hawaii. 
t ed ly  occurs  i n  a r e a s  of the  South Pac i f i c .  
- H. e n s i f e r  has been g r e a t l y  underestimated i n  the p a s t  because shrimp 
t rawls  appear  t o  be inadequate sampling devices  f o r  t h i s  purpose. 
I f  members of t h i s  genus are a s  abundant i n  o the r  regions of the 
t r o p i c s  as i n  H a w a i i ,  toge ther  they probably represent  a biomass 
exceeding t h a t  of any commercially e x p l o i t a b l e  t r o p i c a l  crustacean.  

This spec ie s ,  and/or  a congener undoub- 
The s tanding  biomass of 




